Flowing through every part of the economy, water is a fundamental for cities and their residents. Access to safely managed water and sanitation, and sound management of freshwater ecosystems are essential to economic prosperity, health and development outcomes, and to environmental sustainability. Yet cities are not managing water well, due above all to failures of policies, governance, leadership, and markets. The existing challenges include inadequate access, poorly managed risks, and increasing competition for water resources.
During its six years of operations, the 100 Resilient Cities program supported the participating city governments to prepare city-wide resilience strategies for each city. During these strategy development efforts, city governments and their stakeholders considered and prioritized a full range of urban risks and vulnerabilities, which spanned each city's diverse communities, places, economic sectors, and operations.
As the strategy processes established each city's resilience priorities and action areas, 100RC staff, together with 100RC's 115 Platform Partners and scores of Subject Matter Advisors, provided further domain specific support to the cities' relevant technical and managerial counterparts and stakeholders. These focused efforts led to the preparation of domain specific resilience frameworks and approaches. These approaches are now being summarized in this 100RC Resilience Perspective series.
This paper has been authored by Katrin Bruebach. Given the concentration of populations and assets, cities are of foremost concern regarding water-related disasters including coastal storms, saltwater intrusion, intense rainfall events, flooding, droughts, and changes in water availability, timing, and quality. Sudden shocks deeply impact cities' ability to adequately treat and transport drinking water and wastewater in and out of urban areas. Coastal and delta cities are even more exposed and sensitive to such impacts, often exacerbated by subsidence.
Globalization
In a globalizing system, environmental policy issues are intricately bound together with issues of trade policy, human rights, and economic security.
For example, the U.S.-Mexico border area has experienced an explosion of growth in response to international economic conditions and trade agreements in the 1990s, and the increased employment opportunities have led to a large influx of people into the border regions. Rapid changes in manufacturing and agricultural trends are greatly influencing water use as well as wastewater production patterns, and the potential implications of all these trends on water quality remain to be evaluated. In most regions of the world, over 70% of freshwater is used for agriculture to grow crops for food and feed purposes, for materials, such as cotton, and increasingly for the growth of energy crops. By 2050, feeding a planet of nine billion people will require an estimated 50% increase in agricultural production and a 15% increase in water withdrawals. More and more, water is used to produce commodities for export that are traded all over the world. Trade can enhance global water-use efficiency when crops are grown at other locations with the use of less water, but trade can also shift the environmental burden to distant locations. Matching water demand and supply is no longer a city or even a river basin issue, but a global issue. Consumption in one city or country impacts water systems elsewhere in the world at the various locations where the production processes take place. This makes most countries in Europe, North Africa, and the Middle East dependent on water resources in other parts of the world.
There is a clear demand to start thinking about and developing new approaches for providing essential water supply and sanitation services to city residents which is intricately linked to the resilience of the city and its urban water system. The concept of resilience has been more extensively explored in the context of cities than it has been for water, specifically. 100 Resilient Cities (100RC) defines urban resilience as the capacity of individuals, communities, institutions, businesses, and systems within a city to survive, adapt, and grow no matter what kinds of chronic stresses and acute shocks they experience. Chronic stresses weaken the fabric of a city on a day-to-day or cyclical basis while shocks are sudden, sharp events that threaten a city. 100RC believes that a city's resilience is based on the resilience of specific urban systems, with water being one of those systems, rather than the resilience of "the city" as a system itself. Consequently, the resilience of the water system is an integral part of the city's resilience.
The concept of resilience is newer to the water sector. Globally it is often used in relation to flood and drought resilience, or climate resilience in a broader sense as well as infrastructure resilience or disaster resilience. There is comprehensive guidance published covering resilience planning for critical infrastructure or specific aspects such as drought planning. However, most measures tend to be focused around one specific hazard or one means of mitigation. The concept of resilience widely encompasses the ability to "return to normal" by effectively coping with negative impacts or rapid-onsets disasters, the ability to adapt to the "new normal" effectively, and the ability to accommodate radical shifts. In this context the demand for new concepts, approaches, and guidance on resilience has increased dramatically over the last few years focusing particularly on Water system resilience in the context of current practice 2
Disaster Resilience
The increase in frequency and severity of hazards such as droughts, floods, and hurricanes over the past decade has led to calls for improving resilience in the water sector often referring to the capacity of households, communities, as well as cities and utility service providers to cope with disruptions in the water supply system as well as restore service provision as quickly as possible after, for example, a hurricane. In this context, resilience in the water sector is more particularly linked to emergency response (this includes emergency supply and contingency planning) and recovery. Shocks often disrupt service provision or cause environmental pollution. Not only because water and wastewater infrastructure is being damaged or destroyed but also because power supplies, telecommunications, and transport lines are cut or impacted. This highlights the dependence of the urban water system on other urban systems which needs to be consid- 
Utility resilience
If the concept of resilience is applied to water and sanitation service providers (utilities) it often refers to the capacity of the utility to provide reliable services and to cope with disruptions in the water supply system as well as restore service provision as quickly as possible after shock events. It is, therefore, strongly linked to the management of extrinsic threats and systemic risk and supports the development of proactive adaptation strategies. In the U.K., a resilience duty was introduced by the 2014 Water Act. Consequently Ofwat, the economic regulator of the water sector, has set out its expectations for 100RC believes that a city's resilience is based on the resilience of specific urban systems, with water being one of those systems.
UK water companies to become more resilient in their business planning processes. This is the first time a regulator has enforced a much broader resilience objective by linking long-term resilience of water supply systems and sewerage systems to environmental pressures, population growth, and changes in consumer behavior. In addition, Ofwat requires service providers to secure sustainability of water and sewerage services through appropriate long-term planning and investment, managing water resources in sustainable ways, and increasing efficiency in the use of water and reducing demand for water to reduce pressure on water resources.
Ofwat highlights that its resilience duty requires it and the sector to think beyond the structure and functioning of assets and to consider whole systems and services.
City Water Resilience Framework
In 2017 (4) Health and Wellbeing. These four dimensions are broken down into eight goals and detailed further in 53 sub-goals. Indicators for each sub-goal allow cities to measure performance and assess the overall resilience of their current water system. In this context urban water resilience has been defined as the capacity of the urban water system, including human, social, political, economic, physical, and natural assets, to anticipate, adopt, respond to, and learn from shocks and stresses, in order to protect public health, wellbeing, and the natural environment, and minimize economic disruption.
We understand and agree that water resilience needs to consider the capacity of the whole water system or water cycle and strongly support the application of this definition. Because overall city resilience, water resilience, and catchment level resilience are mutually interdependent, an assessment of urban water resilience must consider the hydrological context (including water basins), built infrastructure, and the socio-political, and economical context (i.e., human, social, political, economic, physical, and natural assets. In a similar sense, water resilience must consider the interrelationships between water and other critical urban systems. The holistic approach to resilience is therefore key to designing interventions that make city and water systems resilient. urban water resilience is going to be dealt with as a priority. This is not simple as most practitioners would agree that "resilience" as a whole is a "big" idea. Not least because it covers the whole water cycle, the stakeholders and the services that rely on grey, green and blue infrastructure that allows for providing safe water and disposing off or reusing wastewater and provides protection from water.
Focusing on the "whole resilience challenge" can seem very daunting, and there is no doubt that in some cases, the felt enormity of the problem results in stasis. What is often forgotten is that the whole problem does not have to be solved simultaneously.
In many cases, more progress can be made by focusing on a few solvable problems, and dealing with the most important challenges first, before turning to the management of the overall situation which may have to be deferred to a later date. While it may be useful to plan for a wholistic solution, practicality, political buy-in and resources may dictate that a phased or stepped approach must be taken to implementation. In many of our cities in the Global South building resilience is a prerequisite for development and development is multifaceted. We acknowledge that shocks and stresses can reverse years of development gains and efforts to eradicate poverty. Progress in nutrition, health, education, work, equality, and environmental protection are all, however, related to the availability and sustainable management of water and universal access to effective systems for disposing of our waste. Yet, today, millions of citizens still lack access to safe water and sanitation. At the same time, demand for water -from agriculture and industry as well as domestic use -is rapidly rising and water pollution and ecosystem degradation are being made worse by increasing amounts of untreated wastewater. And all of this is happening against a backdrop of climate change, which is playing havoc with the predictability of water availability. That's why we believe that building water resilience must tackle weak funding, planning, capacity, and governance of water and sanitation services as a top priority.
While the physical assets of the water system are an important part of it, there is a large human or social aspect that lies at the core of a resilient water system: people all over the world want and need confidence that clean, safe drinking water will be reliably available and that they can rely on their wastewater being taken away. Society needs confidence that these services will be provided today and in the long term, without compromising the natural environment, and more widely that decisions made today will not impoverish future gen- Providing resilient water and wastewater services requires that cities and service providers understand the systems they depend on and the interdependencies and risks they face. By strengthening the underlying fabric of service provision and better understanding the potential shocks and stresses service providers may face, they can improve and sustain services provided to all -poor or rich households, businesses, industries as well as agriculture and essential ecosystem services. Applying the resilience lens will allow service providers not only to provide essential services and to reduce risks to their operations, it will allow them to improve their organizational performance and to create additional social, economic and physical benefits (co-benefits) through their services.
To address resilience, service providers need to identify shocks and stresses that may impact their operations, their performance (continuity and quality of service) as well as their financial sustainability.
They need to establish robust processes to learn from past experience, regularly review and improve core processes as well as identify newly emerging risks associated with climate change, urbanisation and population growth. They need to analyse, and address, vulnerabilities associated with retaining and securing a highly skilled work force, changing supply chains and repeated risks through increased dependence on computer networks and automated control systems to operate and monitor processes (cyber threat), which bring challenges to planning and operation. And more importantly they need to learn how to deal with both dynamic hazards and chronic stresses.
The overall system on which water and wastewater services depend is complex. It includes many different things including infrastructure and networks that cities or service providers own, maintain and operate, personnel but also ecosystems and financial systems. In addition, the customers or the recipients / end-users of the services themselves are an important part of this system and largely influence its resilience through their demand (related to service levels as well as, for example, water consumption). Finally, it is important that water and sanitation service providers are financially resilient and have a corporate and organizational structure that allows them to provide services to their customers as well as protect the environment now and in future. Corporate resilience is the ability of the service provider's governance, accountability, and assurance processes to help avoid, cope with, and recover from disruption of all types and to anticipate trends and variability in its operations to prepare for a sustainable future. Thereby governance comprises the systems and processes concerned with ensuring the overall direction, effectiveness, supervision, and accountability of the service provider.
Financial Resilience
Financial resilience is the service provider's ability to avoid, cope with and recover from disruption to its finances and to be financially sustainable in the long-term. Service providers need to have the financial means to protect critical assets against shocks, maintain infrastructure to avoid disruption of services, allow for investments taking uncertainties due to climate change into account, and to deal with and recover from a disastrous event without major economic interruption or even bankruptcy. In addition, service providers need to be able to provide services to all for an affordable price including the poor and the vulnerable without compromising their financial situation.
Operational Resilience
Operational resilience is the ability of the service provider's infrastructure and assets, skills and staff to run and maintain its infrastructure and to establish relevant core processes and responsibilities to cope with, recover from disruption and enhance its operational performance in the long term. It is about maintaining a quality service for everybody at a price that current and future generations can afford.
As with cities, resilience lies at the heart of service provision. It is part of everyday operations and Resilient service providers recognize that there are alternative ways to using precious resources (resourceful) including applying circular economy approaches, reuse and recycling of waste-and stormwater. They value the water they have -in all its social, cultural, economic, and environmental dimensions -to educate their citizens, reduce wastage and pollution, ensure water is available for societies' priorities, reduce risk, and to make water services more sustainable. They focus on water demand management, reduction of non-revenue water and facilitating behavior change of end-users to conserve water and install water saving devices to reduce water consumption of needed. They encourage their customers to become more engaged, empower them and provide incentives to change the level and pattern of their demand. They design and apply concepts that reduce the amount of rainwater entering the sewer network and work with customers to reduce inappropriate items being flushed.
Resilient service providers establish well-conceived, constructed, and managed infrastructure systems (robust). They provide their customers with confidence that clean, safe drinking water of sufficient quantities will be available whenever they need it and that they can rely on their wastewater being taken away and disposed off safely without harming public health or the environment. They Developing a strategy and program for water and wastewater service providers 4 Building resilience into their service provision will result in increased reliability and operational effectiveness of a water and sanitation service provider in both the short and long term. There are multiple pathways that can help lead service providers down the road to a resilient future. However, we believe that the following 6 steps are crucial:
Step 1: Defining Resilience Step 2: The Resilience Champion Service providers need to establish a resilience champion or leader within the organization. There may be varying views within the organization on who should lead on resilience, however, as the Chief Resilience Officer in cities, the "Utility Resilience Officer" should be part of the management or executive team to be able to influence decision making.
At the beginning of the resilience journey we don't believe that the establishment of a new position or department will be necessary, however, the core function of building resilience should be integrated into job descriptions as soon as possible to anchor resilience from an organizational perspective. We believe that to improve coordination and cooperation as well as to strengthen resilience within the organization and the sector or city a resilience action group should be established that includes a wider group of stakeholders from inside and outside the organization (e.g., customer representatives, community based organizations and nongovernmental organizations, regulators, government agencies).
The remit of this group is to guide and inform the resilience-building process keeping the different interests in mind. It also will validate information and act as an advisory committee during the resilience journey.
Step 3: Understanding Resilience
Service providers need to understand their current level of resilience. To inform the resilience assessment in the next step they need to collect data and information to understand the institutional landscape they are operating in including governance structure, legal and regulatory framework. They Selected indicators should then be also used to report against a set of resilience criteria. Based on the information and data collected in Step 3 and the results of Step 4, a resilience profile will be established and priority areas for intervention identified.
We believe that there is a demand for a rapid but comprehensive tool which is easy to implement, can be used by utilities of varying sizes, contexts, and being confronted by different shocks and stresses.
The rapid resilience assessment is the first step of building resilience which can be built upon or ex- Step 5 The time to build resilience is now.
